Abstract: The present study explored the potential for the production of canola meal (CM) fractions of different chemical and nutritive composition. Three meals from conventional black-and yellow-seeded Brassica napus and Brassica juncea canola were subjected to sieving. The use of sieves from 250 to 600 μm resulted in the production of fractions fine 1, fine 2, medium, and coarse. When compared with the parent meals, the content of total dietary fiber of fractions fine 1 and 2 decreased from 300 to 214 and 267 g kg −1 for conventional CM, 270 to 216 and 234 g kg −1 for B. napus yellow, and 255 to 153 and 187 g kg −1 for B. juncea meal. Crude protein increased from 368 to 420 and 396 g kg −1 for conventional CM, 410 to 436 and 430 g kg −1 for yellow CM, and 423 to 479 and 468 g kg −1 for B. juncea meal. The effects of three parent meals and their respective fractions fine 1 and 2 were evaluated in a growth performance experiment with broiler chickens. There was no significant effect of CM diets on growth performance indicating that CM and its low-fiber fractions could effectively replace soybean meal in diets for young poultry.
Introduction
Canola is produced for high-quality oil for human consumption. The residual meal is used as a protein source for animal feeding. The meal obtained from the crushing of canola seeds is the second largest protein supplement after soybean meal (SBM) (USDA-FAS 2014) . When compared with SBM, several factors limit the use of canola meal (CM) in monogastric animal and potentially fish nutrition. These include higher content of dietary fiber, lower metabolizable energy, lower and less consistent amino acid (AA) digestibility, and less than optimal electrolyte balance due to high sulfur and low potassium contents (Khajali and Slominski 2012) .
Several dehulling technologies have been developed to maximize the effectiveness of dehulling; however, some processes required pre-conditioning of the seeds (i.e., tempering, moistening, steaming, infrared treatment, etc.), making such processes difficult to implement (Thakor et al. 1995; Mustafa et al. 1996; Ikebudu et al. 2000) . When evaluating meals from the front-end dehulling (i.e., removal of hulls prior to oil extraction), a significant increase in protein content of the dehulled vs. standard meal (472 vs. 408 g kg −1 ) and a substantial reduction in the content of two major components of dietary fiber, non-starch polysaccharides (NSP) (147 vs. 181 g kg −1 ) and lignin with associated polyphenols (43 vs. 77 g kg −1 ), was observed (Simbaya et al. 1992) .
At the present time, front-end dehulling has not been used on the commercial scale due to high costs involved. In addition, losses of oil during the front-end dehulling and excessive fineness of the meal, and thus difficulties with percolation of the miscella through the cake, appear critical (Khajali and Slominski 2012) . Removal of the hulls from the meal after oil extraction (i.e., tail-end dehulling) is another interesting alternative in producing a high-quality meal. McCurdy and March (1992) described a tail-end dehulling process in which the conventional CM requires tempering to 16% moisture, grinding using a disc mill, and then sieving using a US standard mesh 70 (205 μm) to produce a fiber-reduced fraction. When using tail-end dehulling, Mustafa et al. (1996) found minor differences in the nutrient composition between regular and low-fiber CM, with the neutral detergent fiber (NDF) values only decreasing from 267 to 246 g kg −1 and crude protein (CP) increasing from 377 to 402 g kg −1 . Clark et al. (2001) used the fractionation process described by McCurdy and March (1992) , but found considerable variabilities and wide range of CP values in the meals provided by five different crushing plants. They did not report values of fiber content for the fractions produced and, therefore, it is difficult to substantiate the effect of dehulling on the composition of meals used in their broiler chicken study. The growth performance was not affected by the type of CM used, the meal source or level of inclusion, with feed efficiency being even better for the conventional when compared with the dehulled meal. Considering the difficulties in the implementation of front-end dehulling, the high cost associated with air classification, and the inconsistencies in the methods currently suggested for tail-end dehulling, the current study was undertaken to investigate the potential for tail-end fractionation of CM using sieving technology, with the potential for application of different fractions in animal and fish nutrition.
Materials and Methods

Canola meal samples
Meal samples of conventional Brassica napus canola and canola-quality Brassica juncea were obtained from the Bunge Altona, MB, Canada, processing plant and were produced using the conventional pre-press solvent extraction process. Seeds of yellow-seeded B. napus canola were provided by Agriculture and Agri-Food Canada Research Centre, Saskatoon, SK, Canada, and were crushed at the POS Pilot Plant in Saskatoon, SK, Canada, using the same pre-press solvent extraction process. Three composite samples of CM from eight crushing plants across Canada were collected within 1 wk intervals from each processing plant and were then pooled and used to evaluate the consistency of the sieving technology.
The effect of sieve size on CM fractionation A series of experiments was conducted to determine the optimal conditions for sieving of CM. An Endecotts Test Sieve Shaker, Model: EFL 1 MK II, CVC. 60, AC (Endecotts Ltd., London, UK) was used. Sieve sizes ranging from 152 μm to 1.18 mm were evaluated. Each time five subsamples of 300 g each were subjected to sieving for 5 min. The sieves selected and used in the following CM fractionation experiments included: <250, 250-355, 355-600, and >600 μm.
The effect of meal grinding prior to sieving on the effectiveness of fractionation Grinding of the meal from the commercial pre-press solvent extraction process using a hammer mill (Thomas-Wiley Laboratory Mill, Model 4, Thomas Scientific, Swedesboro, NJ, USA) and 1 and 2 mm screens, followed by sieving using the optimal range of sieves listed above, was also investigated using five samples of conventional B. napus CM.
Sieving of meals from different processing plants
Three composite samples of CM from eight different crushing plants were collected within 1 wk intervals from each processing plant and were then pooled and used to determine the variability in the fractionation process. The most effective set of sieves within the range of 250-600 μm was used.
Large-scale validation of the sieving technology
The effectiveness of the sieving technology under the large-scale production conditions was tested at the Canadian International Grains Institute (Winnipeg, MB, Canada). One tonne of the conventional B. napus meal was sieved with a continuous flow using a Plansifter Model MPAR-8HK (Bühler AG, Uzwil, Switzerland).
Analytical procedures
In preparation for chemical analyses, samples were ground using a Foss Sample preparation Cyclotec™ 1093 mill (Foss Allé l, DK-3400 Hilleroed, Denmark Phytate phosphorus was determined using the procedure described by Haug and Landtzsch (1983) . Samples for AA analysis were prepared according to the AOAC procedures 994.12, alternatives 3 and 1 (sulfur AA), and then determined using an amino acid analyzer (S4300, Sykam GmbH, Eresing, Germany). Sucrose and glucosinolates were determined by gas-liquid chromatography as described by Slominski et al. (1994) and Slominski and Campbell (1987) , respectively.
Dietary fiber was determined by a combination of NDF and detergent-soluble NSP measurements (Slominski et al. 1994) . The NDF was determined using an Ankom fiber analyzer (Ankom Technology, Macedon, NY, USA) and AOAC procedure 2002 .04 (AOAC 2005 . Total NSP were determined by gas-liquid chromatography (component neutral sugars) using an SP-2340 column and Varian CP3380 Gas Chromatograph (Agilent Technologies, Mississauga, ON, Canada), and colorimetry (uronic acids) using a Biochrom Ultrospec 50 (Biochrom Ltd., Cambridge, UK), and the procedure as described by Cummings (1984, 1988) with some modifications (Slominski and Campbell 1990) . The content of NSP was measured in both the meals and the NDF residues. Neutral detergent soluble NSP was calculated as total sample NSP minus NSP present in the NDF residue, and total dietary fiber was determined by summation of NDF and NDF-soluble NSP. The contents of CP (Nx6.25) and ash in NDF residue were also measured. The value for lignin and associated polyphenols was calculated by difference [NDF -(NSP + protein + ash)] (Slominski et al. 1994) .
Broiler chicken experiment
A preliminary experiment was conducted to evaluate the effect of selected CM fractions on growth performance of broiler chickens. A total of four hundred 1-d-old male Ross-308 broiler chicks were purchased from a local commercial hatchery (Carlton hatchery, Winnipeg, MB, Canada). Eighty cages were randomly assigned to 10 dietary treatments with 8 replicates per treatment and 5 birds per cage. Feed consumption and body weight gain (BWG) were determined using pen as an experimental unit. Feed and water were provided ad libitum. Mortality was recorded daily and the measurements of growth performance were adjusted accordingly.
Birds were fed experimental diets from 1 to 10 d of age. The diets consisted of a corn/SBM-based diet, and diets containing three different CM: B. napus conventional meal, B. napus meal deriving from yellow-seeded canola, and canola-quality B. juncea meal and their corresponding fractions fine 1 and fine 2. (Tables 6 and 7) and that of different ingredients was used to formulate the diets. As the information on the metabolizable energy content of dehulled fractions was not available, the value of 7.536 MJ kg −1 was set for the two fine 1 and 2 fractions.
The composition and calculated nutrient content of the starter diets are shown in Table 1 . The experimental protocol used in the present study was reviewed and approved by the Animal Care Committee of the University of Manitoba. Birds were cared for according to the guidelines of the Canadian Council on Animal Care (CCAC 2009).
Statistical analysis
The study was set up as a completely randomized design, and data were evaluated by the GLM procedure of the SAS version 9.4 (SAS Institute Inc. 2012). Means were separated by Tukey's honesty significance difference. All statements of significance are based on P < 0.05.
Results and Discussion
Fractionation of CM through sieving: The effect of sieve size
The preliminary sieving experiments (data not shown) were effective in establishing the optimum sieve sizes for fractions separation. Four fractions, fine 1 and 2, medium, and coarse, were produced using sieves within the range of 250-600 μm. As illustrated in Table 2 , a gradual reduction in fiber content followed by the proportional increase in CP content was observed as the sieve size decreased. The coarse fraction, with the particle size above 600 μm, showed the intermediate values for NDF and CP which were similar to those of the respective parent meals. It is of interest to note that for the fraction fine 1, the reduction in fiber content and the increase in protein content were of the similar magnitude as that observed by McCurdy and March (1992) when using a 205 μm sieve.
The effect of meal grinding prior to sieving on the effectiveness of fractionation
In an attempt to increase the yield of the low-fiber fractions fine 1 and 2, grinding of the meal prior to sieving was explored. As illustrated in Table 3 , grinding of conventional B. napus CM using a hammer mill and a 2 mm screen increased the yield of both fractions to 22%-24% in comparison with that of 11% reported in Table 2 when sieving of the meal without grinding was employed. However, the increase in the yield jeopardised the quality of both fractions as documented by their higher NDF and lower CP contents. This was further substantiated when the same meal was ground prior to sieving using a 1 mm screen. Although the yield of fractions fine 1 and 2 increased further to 33%, the contents of both NDF and CP did not change much from those of the parent meal. Rupture of hulls on grinding, and thus their inclusion in fractions fine 1 and 2, could be considered the main contributing factor. This scenario, for some reason, was an unfortunate event in the work done by Clark et al. (2001) in which milling followed by sieving using a 212 μm sieve resulted in the production of dehulled meal only slightly different in CP content from that of the parent meal (i.e., 37.2 vs.
g kg −1
). No data on fiber contents were provided. Sieving of meals from different processing plants
To replicate the sieving technology, samples of conventional CM from eight different crushing plants across Canada were evaluated (Table 4) . In contrast to the study by McCurdy and March (1992) , the results of the current study clearly indicate that the fiber content of different fractions can be reduced in a consistent way with a corresponding increase in the CP content. There was some variability in the fractionation process, which could be attributed to differences in the processing conditions between the eight crushing plants. Overall, the coefficient of variation values were relatively low for CP, moderate for NDF, and relatively high for yields with fractions fine 1 and 2 showing the highest variability. There were two evident outliers among the crushing plants with one plant showing values for fraction fine 1 yield, NDF, and CP contents of 92, 167, and 455 g kg −1 , respectively. The respective values for the same fraction using CM from another plant averaged 151, 257, and 417 g kg −1
.
Large-scale validation of the sieving technology
As illustrated in Table 5 , the use of a large-scale, continuous flow sieving technology resulted in the production of four fractions from conventional B. napus meals with quality characteristics similar or identical to those reported in Table 2 and were produced using a laboratory-scale Endecotts Test Sieve Shaker. As an example, the NDF and CP contents of fraction fine 1 averaged 152 and 423 g kg −1 , respectively, and were only slightly different from those of 148 and 417 g kg −1 reported in Table 2 .
Detailed chemical characteristics of CM fractions produced by sieving
The chemical composition of CM fractions (Table 6 ) showed that when compared with the parent meals, the content of total dietary fiber of fractions fine 1 and 2 decreased from 300 to 214 and 267 g kg ) (NRC 2012). As expected, a proportional increase in total dietary fiber and a decrease in CP contents were observed for the medium and coarse fractions produced from all three meals.
Among the fiber components, lignin and polyphenols (tannins) showed the highest reduction in fractions fine 1 and 2 of conventional B. napus black CM supporting the effect of hull removal by sieving. The decrease was less pronounced for the other two meals, which is understandable as both meals derive from yellow-seeded B. napus and B. juncea canola known for their lower content of lignin and polyphenols present in the hull fraction Slominski et al. 2012) .
Other components of CM were also affected by fractionation. The levels of sucrose in fractions fine 1 and 2 from all three meals increased, which along with an increase in fat content of fractions fine 1 and 2 from B. napus black and B. juncea canola could contribute to their higher available energy contents. Higher levels of sucrose along with reduced levels of tannins could also contribute to improved acceptability of the dehulled meals by monogastric animals, especially swine. The sieving technology only slightly modified the glucosinolates contents of all four fractions, regardless of the type of CM used. Both total and non-phytate P increased in fractions fine 1 and 2 from B. napus black and B. juncea, but not for those from yellow B. napus meal.
Essential AA content of fine fractions was higher than their corresponding parent meals (Table 7) . Using the conventional B. napus CM as an example, methionine content of fraction fine 1 increased from 6.8 to 8.1 g kg −1 , lysine from 20.2 to 22.6 g kg −1 , and threonine from 16.2 to 18.5 g kg −1 , respectively. When compared with the solvent-extracted SBM (44% CP; NRC 2012), B. juncea fraction fine 1 was higher in arginine, methionine, and threonine, whereas lysine was at 83% level of that of SBM. It is of interest to note that the AA contents of all three coarse fractions were similar to those of the corresponding parent meals indicating that the coarse meal could still be effectively utilized in animal nutrition, including high producing dairy cattle, in situations when the sieving technology is utilized only for the production of one low-fiber and high-protein fraction.
The results of the current study are consistent with the dehulling experiments conducted by Kracht et al. (2004) who studied the nutritive value of rapeseed meal produced by front-end dehulling of the seeds. They demonstrated that the nutritive value of CM could be improved significantly by removing the hull fraction, and thus reducing the crude fiber (CF), acid detergent fiber (ADF), and NDF contents by 40%, 35%, and 28%, and increasing CP and sugar contents by 7% and 14% points, respectively. Safari et al. (2011) also studied the effect of sieving on chemical composition of rapeseed/ canola using five sieves with openings ranging from 1.19 to 0.42 mm and found that as the sieve size decreased CF, ADF, and NDF contents decreased whereas total P and CP increased. However, only a small increase in CP content of the finest fraction compared with the parent meal was observed (370.7 vs. 378.1 g kg −1 ), while the ADF values only decreased from 218 to 207 g kg −1 .
Beltranena and Zijlstra (2011) studied the effect of sieving on the quality of dehulled B. juncea meal when using sieves from 250 to 850 μm and found that the finest fraction had half the ADF and NDF content of the coarsest fraction; but found that the protein content was enriched by only 6% points and the yield of the finest fraction was only 8%. They also investigated the use of air-classification to achieve dehulling of CM, and found maximum separation of fiber (ADF 12% points whereas NDF 17% points with higher protein increases of 8% points). Zhou et al. (2013) used the air-classification technology to produce two fractions, "light" and "heavy", with the former one showing higher protein and lower fiber contents similar to those observed for the fraction fine 2 produced in the current study. The effectiveness of the dehulling process observed in the present study was also more pronounced than that reported by Mustafa et al. (1996) who found NDF values decreasing from 267 to only 246 g kg −1 and protein increasing from 377 to only 402 g kg −1 for the parent meal and the lowfiber fraction, respectively.
Broiler chicken experiment
The growth performance of broiler chickens fed starter diets (Table 8) showed no statistically significant differences in BWG, and feed conversion ratio were observed, and all CM containing diets had similar effect on feed intake regardless of the differences in fiber and tannin content of each diet. Our results are consistent with the studies by Slominski et al. (1999) who, when evaluating the nutritive value of meals derived from yellow-seeded canola found no significant difference in BWG of broiler chickens, fed CM diets of different fiber and tannin contents. Although the inclusion level of CM in the current study was 150 g kg Walugembe et al. (2014) demonstrated that higher dietary levels of CM and thus higher fiber content could result in a more pronounced decrease in BWG of broiler chickens. However, statistically significant differences were observed for feed cost per kilogram of live chicken weight produced (Table 9) In making the calculations, the prices of feed ingredients other than CM were the only factors taken into consideration when determining the feed cost. The prices of the canola fractions were set at the same level as that of the parent meal. Overall, it was demonstrated that chicken performance was similar regardless of the type of CM and the fractions used. Fiber content had minimal effect on growth performance, thus indicating that poultry can efficiently utilize diets containing higher amounts of canola fiber right in the early stages of growth. This could be due to the fact that canola fiber is for the most part water-insoluble, and thus would have minimal effect on nutrient digestion and absorption. a Three composite samples were collected from each processing plant and were pooled prior to sieving. CV, coefficient of variation. Fractions fine 1, fine 2, medium, and coarse were produced using <250, 250-355, 355-600, and >600 μm sieves, respectively. Includes gluconapin, glucobrassicanapin, progoitrin, gluconapoleiferin, glucobrassicin, and 4-hydroxyglucobrassicin.
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Conclusions
The present study demonstrated that the chemical and nutritive composition of CM derived from black-and Fractions fine 1, fine 2, medium, and coarse were produced using <250, 250-355, 355-600, and >600 μm sieves, respectively. Note: Means within a column not sharing lowercased letters differ significantly at the P < 0.05 level. SBM, soybean meal; SEM, standard error of the mean.
yellow-seeded types of B. napus and B. juncea could be improved by tail-end fractionation with the production of low-fiber, high-energy, and high-protein fractions similar to that of SBM. It is believed that high nutrient density of low-fiber fractions would allow for a significant increased replacement of SBM in diets for young poultry and swine, similarly to the current study when the use of 150 g kg −1 of low-fiber and high-protein meals resulted in equal growth performance of broiler chickens to that of the SBM-based diet. It could be concluded that canola fiber has minimal effect on nutrient utilization as evidenced by similar growth performance of young broiler chickens fed diets containing CMs of different fiber content.
